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[57] ABSTRACT 
Enzyme conjugates are prepared of cardiac glycosides 
and aglycones for use in homogeneous enzyme immu 
noassays. The conjugates retain a substantial degree of 
the original activity of the enzyme and upon binding of 
receptor to the steroid moiety, a substantial diminution 
of enzyme activity is obtained. Various linking groups 
are employed for linking the steroid portion of the mol 
ecule to the enzyme, such as non-0x0 carbonyl groups. 
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CARDIAC GLYCOSIDE ENZYME CONJUGATES 
CROSS-REFERENCE RELATED 

APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 481,022, ?led June 20, 1974, now aban 
doned which in turn is a division of application Ser. No. 
304,157, ?led Nov. 6, 1972, now US. Pat. No. 
3,852,157, which in turn was a continuation-in-part of 
application Ser. No. 143,609, ?led May 14, 1971, now 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Because of the wide use of drugs derived from digi 

talis in the treatment of the cardiac patients and its 
substantial side effects, it is important to monitor the 
level of these drugs in the bloodstream of the patient. 
Digitalis is a complex mixture which includes digoxin 
and digitoxin which are the glycosides of digoxigenin 
and digitoxigenin. . 

A satisfactory method for assay for the active compo 
nents of digitalis should be sensitive to the low concen 
trations of the components which will be present in 
blood serum. In addition, the assay should be highly 
speci?c for the materials of interest, so as to accurately 
re?ect the presence of those materials and not other 
materials of similar structure. That is, there should be a 
minimal amount of cross reactivity in order to preclude 
false positive results. Desirably, the assay should require 
only small samples, should be rapid, should require ‘a 
minimum number of manual steps, and should be use 
able on generally available equipment. Other desiderata 
include ease of handling of the reagents, stability of the 
reagents during storage and use, freedom from interfer 
ence from naturally occurring contaminants, and being 
reasonably safe in handling. 

2. Description of the Prior Art ‘ 
See the references cited in the parent application, now 

US. Pat. No. 3,817,837, which is incorporated herein 
by reference. See also US. Pat. Nos. 3,791,932, 
3,839,153 and 3,850,752. 

SUMMARY OF THE INVENTION’ 

Enzyme conjugates of cardiac glycosides and agly 
cones are provided. These conjugates, refered to as 
enzyme-bound-ligands where the ligand is the cardiac 
glycoside or aglycone, are prepared by modifying the 
cardiac glycoside or aglycone to introduce a functional 
ity which can be used to form covalent bonds, particu 
larly amide bonds, to the enzyme. The resulting en 
zyme-bound-ligand retains a substantial proportion of 
the orginal enzyme activity and upon binding of recep 
tor for the ligand to the enzyme-bound-ligand, a sub 
stantial diminution in enzyme activity is observed. The 
enzyme-bound-ligands ?nd use in homogeneous en 
zyme immunoassays for the detection of low concentra 
tions of the cardiac glycosides and aglycones in physio 
logical ?uids e.g. serum. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

The subject invention concerns compositions for use 
in the determination of cardiac glycosides and agly 
cones which are enzyme-bound-ligands, where the li 
gand is a cardiac glycoside or aglycone and is modi?ed 
so as to provide afunctionalitykwhich can form a cova 
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2 
lent bond to available functionalities on the enzyme, 
particularly amino and hydroxyl. The enzyme-bound 
ligands find particular use in homogeneous enzyme 
immunoassays as described in US. Pat. No. 3,817,837. 
For the most part, the enzyme-bound-ligands of this 
invention will have the following formula 

0-1 site of ethylenic 
unsaturation 

wherein: p 

n is on the average in the range of from about 1 to 20, 
more usually 2 to 16, and preferably of from about 
2 to 10; v 

q is 0 or 1; ‘ V 

A* is an enzyme, preferably an oxidoreductase, and 
particularly preferred a dehydrogenase; and 

W"3 is a linking group which may be singly or doubly 
bonded to the annular carbon atom to which W‘13 is 
attached. 

For the most part, the compounds will have one site 
of ethylenicv unsaturation in the E ring, particularly in 
the alpha, beta position. - t . 

The nature of the linking group will vary, vdepending 
on whether the glycoside is involved or the aglycone. 
Where the glycoside is involved, preferentially the 

terminal sugar will be cleaved to a dialdehyde, which 
may be conjugated directly to the enzyme by reductive 
amination or the dialdehyde may be derivatized to pro 
vide a carboxylic acid group, for example, with glycine, 
and the carboxy functionality employed to provide the 
covalent bond with the enzyme. 
For the most part, the linking group Wa3 when involv 

ing a glycoside will have the following formula 

CHZY 

wherein: 
sugar intends a sugar residue, usually a hexose, de 

rived from L-rhamnose, L-cymarose, L-glucose, 
L-digitalose, L-digitoxose, and the like, wherein l 
or more of the hydroxyl groups may be acetylated; 

m will normally be from 0 to 2, usually being 2 when 
the sugar is digitoxose and being 0 when the sugar 
is other than digitoxose; 

Y is hydrogen or hydroxyl, usually being hydrogen; 
and 

Y1 and Y2 are single bonds to amino residues of the 
enzyme or may be taken together together to pro 
vide an iminoalkylene(non-oxo-carbonyl) of from 2 
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to 8, more usually of from 2 to 6 carbon atoms ‘and 
preferably of from 2 to 4 carbon atoms e. g. 
iminomethylene(non-oxo-carbonyl). Preferably, the 
sugar will be digitoxose and Y1 and Y2 will be taken 
together to form an iminoalkylene(non-oxo-carbo 
nyl) group. 

When a glycosidic linkage is involved, the linking 
group will generally be of from 6 to 30, more usually of 
from 6 to 26 carbon atoms and have the appropriate 
number of hydroxyl functionalities, which may or may 
not be acetylated. 
When the aglycone is employed, the linking group 

may be varied widely and will generally be of from 1 to 
12 atoms other than hydrogen, more usually of from 1 
to 10 atoms other than hydrogen and normally includ 
ing from 1 to 5, more usually from 1 to 4 heteroatoms 
which are chalcogen (oxygen and sulfur) or nitrogen. 
The linking group will normally be aliphatic, and may 
be aliphatically saturated or unsaturated, usually having 
from 0 to 1 site of ethylenic unsaturation as the only 
aliphatic unsaturation. Chalcogen will be present as 
non-oxo-carbonyl or oxy e.g. bonded solely to carbon 
and hydrogen, particularly carbon, except as provided 
for below, and nitrogen will be bonded solely to carbon 
e.g., tertiary amino, with the proviso that when neutral 
e.g. amido, or when imino, nitrogen may be bonded to 
from O to 1 hydrogen atom or when present as oximino 
or hydroxylamino, singly bonded to oxygen. 
For the most part, the linking group of the aglycone 

will have the'following formula 

wherein: 
-T‘is'a' single or double bond to the annular carbon 

‘ atom, being a single bond when bonded to oxygen, 
‘1' and a single or double bond when bonded to carbon 

or nitrogen; 
p is 0 or 1; 
U is amino (alkylamino of from 1 to 3 carbon atoms 
when T is a single bond), oxy, or aminooxy (derived 
from hydroxylamino i.e. oximino or’ hydrox~ 
ylamino); 
M is chalcogen or imino (=NH); 
Z is aliphatic hydrocarbylene having from 0 to 1 site 
of ethylenic unsaturation as its only unsaturation 
and of from 1 to 7, more usually from 1 to 5 carbon 
atoms, preferably straight chained alkylene. 

Illustrative linking groups include: 
carbonylmethylene, carbonylmethoxy, carbonylbuty 

lene-imino, carbonylpentyleneoxy, carbonyle 
thyleneoximino, carbonylpropyleneoxyamino, irnido 
ethyleneoxy and imidopropyleneoximino. 
For the most part, the bonds to the enzyme will either 

be to amino groups, such as provided by lysine or termi 
nal amino groups, to result in amide links or the nitro 
gen or thio analogs thereof (amidines or thioamides) or 
to hydroxyl groups, such as provided by typrosine or 
serine, to provide esters. 

ENZYMES (A*) 
Enzymes vary widely in their substrates, cofactors, 

speci?city, ubiquitousness, stability to temperature, pH 
optimum, turnover rate, and the like. Other than inher 
ent factors, there are also the practical considerations, 
that some enzymes have been characterized extensively, 
have accurate reproducible assays developed, and are 
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4 
commercially available. In addition, for the purposes of 
this invention, the enzymes should either be capable of 
speci?c labelling or allow for ef?cient substitution, so as 
to be useful in the subject assays. By speci?c labelling is 
intended selective labelling at a site in relationship to 
the active site of the enzyme, so that upon binding of the 
receptor to the ligand, the enzyme is satisfactorily inhib 
ited. (By active site is intended those fuctionalities 
which are involved in the binding and transformation of 
the substrate(s) including cofactors). By allowing for 
suf?cient substitution to be useful in the subject assay, it 
is intended that the enzyme be inhibited suf?ciently 
when the ligand is bound to the receptor, and that the 
degree of substitution required to achieve this result 
does not unreasonably diminish the turnover rate for 
the enzyme, nor substantially change the enzyme’s solu 
bility characteristics. 
From the standpoint of operability, a very wide vari 

ety of enzymes can be used. But, as a practical matter, 
there will be a number of groups of enzymes which are 
preferred. Employing the International Union of Bio 
chemists (I.U.B.) classi?cation, the oxidoreductases (1.) 
and the hydrolases (3.) will be of greatest interest, while 
the lyases (4.) will be of lesser interest. Of the oxidore 
ductases, the ones acting on the CHOH group, the alde 
hyde or keto group, or the CH-NHZ group as donors 
(1.1, 1.2, and 1.4 respectively) and those acting on hy 
drogen peroxide as acceptor (1.11) will be preferred. 
Also, among the oxidoreductases as preferable will be 
those which employ nicotinamide adenine dinucleotide, 
or its phosphate or cytochrome as an acceptor, namely 
1. ><.1 and l.><.2, respectively under the I.U.B. classi? 
cation. Of the hydrolases, of particular interest are those 
acting on glycosyl compounds, particularly glycoside 
hydrolases, and those acting on ester bonds, both or 
ganic and inorganic esters, namely the 3.1 and 3.2 
groups respectively, under the I.U.B. classi?cation. 
Other groups of enzymes which might ?nd use are the 
transferases, the lyases, the isomerases, and the ligases. 

In choosing an enzyme for commercialization, as 
compared to single or limited use for scienti?c investi 
gation, there will be a number of desirable criteria. 
These criteria will be considered below. 
The enzyme should be stable when stored for a period 

of a least three months, and preferably at least 6 months 
at temperatures which are convenient to store in the 
laboratory, normally ~20“ C or above. 
The enzyme should have a satisfactory turnover rate 

at or near the pH optimum for binding to the antibody, 
this is normally at about pH 6-10, usually 6.0 to 8.0. 
Preferably, the enzyme will have the pH optimum for 
the turnover rate at or near the pH optimum for binding 
of the anitbody to the ligand. 
A product should be either formed or destroyed as a 

result of the enzyme reaction which absorbs light in the 
ultraviolet region or the visible region, that is in the 
range of about 250-750 nm, preferably 300-600 nm. 

Preferably, the enzyme should have a substrate (in 
cluding cofactors) which has a molecular weight in 
excess of 300, preferably in excess of 500, there being no 
upper limit. The substrate may either be the natural 
substrate, or a synthetically available substrate. 

Preferably, the enzyme which is employed or other 
enzymes, with like activity, will not be present in the 
?uid to be measured, or can be easily removed or deac 
tivated prior to the addition of the assay. reagents. Also, 
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one would want that there not be naturally occurring 
inhibitors for the enzyme present in ?uids to be assayed. 

Also, although enzymes of up to 600,000 molecular 
weight can be employed, usually relatively low molecu 
lar weight enzymes will be employed of from 10,000 to 
300,000 molecular weight, more usually from about 
10,000 to 150,000 molecular weight, and frequently 
from 10,000 to 100,000 molecular weight. Where an 
enzyme has a plurality of subunits the molecular weight 
limitations refer to the enzyme and not to the subunits. 
For synthetic convenience, it is preferable that there 

be a reasonable number of groups to which the ligand 
may be bonded, particularly amino groups. However, 
other groups to which the ligand may be bonded in 
clude hydroxyl groups, thiols, and activated aromatic 
rings, e.g. phenolic. 
Therefore, enzymes will preferably be chosen which 

are sufficiently characterized so as to assure the avail 
ability of sites for linking, either in positions which 
allow for inhibition of the enzyme when the ligand is 
bound to antibody, or there exist a suf?cient number of 
positions as to make this occurrence likely. , 
Of the various enzymes, the following table indicates 

enzymes of particular interest set forth in accordance 
with the I.U.B. classi?cation. 
1. Oxidoreductases 

1.1 Acting on the CH-OH group of donors 
1.1.1 With NAD or NADP as acceptor 

1. alcohol dehydrogenase 
6. glycerol dehydrogenase 
26. glyoxylate reductase 
27. L-lactate dehydrogenase 
37. malate dehydrogenase 
49. glucose 6-phosphate dehydrogenase 
17. mannitol 1-phosphate dehydrogenase 

1.1.2 With cytochrome as an acceptor 
3. L-lactate dehydrogenase 

1.1.3 With 02 as acceptor, 
3. glucose oxidase 
9. galactose oxidase 

1.2 Acting on the CH-NH; group of donors 
1.43 With 02 as acceptor 

2. L-amino acid oxidase 
3. D-amino acid oxidase 

1.6 Acting on reduced NAD or NADP as donor 
1.6.99 With other acceptors diaphorase 

1.10 Acting on diphenols and related substances as 
donors 
1.10.3 With 02 as acceptor 

l. polyphenol oxidase 
3. ascorbate oxidase 

1.11 Acting on H202 as acceptor 
1.11.1 

6. catalase 
7. peroxidase 

3. Hydrolases 
3.1 Acting on ester bonds 

3.1.1 Carboxylic ester hydrolases 
7. cholinesterase 

3.1.3 Phosphoric monoester hydrolases 
1. alkaline phosphatase 9 

3.1.4 Phosphoric diester hydrolases 
3. phospholipase C 

3.2 Acting on glycosyl compounds 
3.2.1 Glycoside hydrolases 

1 a-amylase 
4. cellulase 

l7. lysozyme 
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6 
23. B-galactosidase 
27. amyloglucosidase 

~ 31. ,B-glucuronidase 

3.4 Acting on peptide bonds 
3.4.2 Peptidyl-amino acid hydrolase 

1. carboxypeptidase A 
3.4.4 Peptidyl-peptide hydrolase 

5. a-chymotrypsin 
- 10. papain‘ 
3.5 Acting on C-N bonds other than peptide bonds 

3.5.1 In linear amides 
5. urease 

3.6 Acting on acid anhydride bonds 
3.6.1 In phosphoryl-containing anhydrides 

1. Inorganic pyrophosphatase Lyases 
4.1 Carbon-carbon lyases 

4.1.2 Adldehyde lyases 
7. aldolase 

4.2 Carbon-oxygen lyases 
4.2.1 Hydrolases 

l. carbonic anhydrase 
4.3 Carbon-nitrogen lyases 

4.3.1 Ammonia lyases 
3. histidase ' 

The number of ligands which may be bonded to the 
enzyme will be limited by the number of available sites 
for bonding to the enzymes. In most cases, this will be 
the amino groups which are present, but as already 
indicated, carboxyl, hydroxyl, thiol and activated aro 
matic rings, e.g. phenolic, are also useful sites. 
Various factors will affect the number of ligands 

which is optimum for a speci?c enzyme and a speci?c 
ligand. Of prime consideration is the number required 
for obtaining the desired degree of inactivation when 
receptor is bound to the enzyme-bound-ligand. The 
number required will vary with the mode of attachment 
and the conditions for attachment of the ligand to the 
enzyme. Except under special circumstances, e.g. af?n 
ity labeling, there will usually be differences in degree 
of inhibition, as to each site to which the receptor is 
bound to the enzyme through a ligand. In addition, 
there may be cumulative effects, with an increase in the 
number of receptors bound to the enzyme through li 
gand. 
Other considerations as to the number of ligands per 

enzyme will be the effect of the increasing number of 
ligands on: solubility of the enzyme-bound-ligand; ac 
tivity of the enzyme-bound-ligand in the absence of 
receptor; and the sensitivity of the assay. Therefore, the 
choice of the number of ligands bonded to the enzyme 
is usually empirically determined, based on the effect of 
varying the number of ligands on the enzyme has on the 
assay. 
With small enzymes, e.g., lysozyme, those have mo 

lecular weights in the range of 10,000 to 30,000 from 2 
to 10 ligands can be suf?cient. With larger enzymes, 
e.g., malate dehydrogenase, of molecular weight in the 
range of 30,000 to 150,000, 2 to 30 ligands can be suf? 
cient. For malate dehydrogenase 2 to 22 ligands on the 
average will be employed. As few ligands as possible 
should be bonded to the enzyme to achieve the desired 
degree of- inhibition. Desireably, the number of ligands 
per enzyme should be in the range of l to 20, more 
preferably 1 to 112. 
As already indicated, because of the diversity of en 

zymes which can be used for the assay and the variety 
of functionalities in the enzyme available for attach 
ment, and the varying activities of the functionalities for 
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being bonded to the ligand as well as their relative posi 
tion to the active site of the enzymes, different numbers 
of ligands will be necessary‘ for" obtaining the desired 
degree of inhibition,vwhen the enzyme-bound-ligand is 
bonded to antibody. Furthermore, the desired degree of 
inhibition may vary, depending onthe sensitivity re 
quired for an assay for a particular ligand. 

It is found, for the most part, that increasing the aver 
age number of ligands increases the amount of inhibi 
tion, up to a degree of substitution, where further substi 
tution does not provide a significant increase in inhibi 
tion. Therefore, by varying the conditions for the reac 
tion between the modi?ed ligand (ligand and linking 
group) and the enzyme, varying degrees of substitution 
can be achieved. The time for the reaction, the mole 
ratio of ligand to enzyme and the like can be varied. 
Also, the reactive functionality on the linking group can 
be varied to change the number and sites for substitu 
tion. One can then empirically determine the number of 
ligands required for the desired degree of inhibition. 

It should also be noted that in referring to inhibition 
of an enzyme, the substrate for the enzyme plays a role. 
Different degrees of inhibition may be achieved with 
different substrates. Thus, not only can one obtain vary 
ing degrees of inhibition by varying the number of li 
gands bonded to the enzyme, andthe sites‘to which the 
ligands are bonded, but also, with some enzymes, by 
varying the substrate for the enzyme. 

It is also found that with increasing substitution of the 
enzyme by ligand, there can be reduction in enzyme 
activity. The turnover number diminishes and there is a 
concomitant increase in the Michaelis constant. The 
decrease in turnover number with increasing substitu 
tion will vary with the enzyme. By employing enzymes 
which have a high initial activity, a loss of as much as 
75% of initial activity can be tolerated. 
(Turnover number is the number of substrate mole 

cules transformed per unit time per enzyme molecule. 
Lehninger, Biochemistry, Worth Publisher, New York, 
1970.‘) Since the turnover number is reported at varying 
temperatures and on varying bases, e.g., weight of pro 
tein as an indication of number of enzymes or change in 
a spectrophotometric value as as indication of number 
of substrate molecules, there is at the present no simple 
comparison between the turnover number of different 
enzymes. Therefore, no minimum numerical turnover 
number for preferred enzymes can be given.) 
Also, the ligand will be attached to the enzyme by a 

relatively short chain, usually of the order of 1.5 to 
- about 20A, more usually about 3 to 10A. ‘ 

For the most part, at least about 20% of the original 
activity of the enzyme will be retained, preferably at 
least 40%, and more preferably at least about 50%. 
Inhibitability should be at least about 20%, preferably at 
least about 30%, and more'preferably at least about 
50%. -' l , 

ENZYME ASSAY 

Turning now to a consideration of. the determination 
of the amount-of active enzyme, assaying for enzymatic 
activity is 'well established for a wide variety of en 
zyme's. A wide diversity of‘ media, conditions and sub 
strates have been determined for measuring enzymatic 
activity. See, for example, Bergmeyer, Methods for 
Enzymatic Analysis, Academic Press, New York, 1965. 
Sincethere are differences, not only between'assays for 
different en'zymes,'but even inthevariety of assays for 
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a particular enzyme, no general description of the assay 
techniques can be given. 

'In' the‘ assay,’ antibodies for the appropriate cardiac 
glycoside or aglycone will be employed. These antibod 
ies can be obtained by conjugation of the derivative of 
the cardiac glycoside or aglycone, the same or different 
derivative from the derivative employed for conjuga 
tion to the enzyme, and the antigenic conjugate injected 
into a vertebrate, particularly a domestic animal, in 
accordance with known techniques. Blood can then be 
removed from the animal and the antibodies isolated 
and puri?edv as desired.. 

EXPERIMENTAL 
The following examples are offered by way of illus 

tration and not by way of limitation. - 
All temperatures are recorded in centigrade. All parts 

not otherwise indicated are by weight. All pressures not 
otherwise indicated are millimeters mercury (mm Hg). 

EXAMPLE 1. 
Preparation of 3-k'etodigoxige'nin from digoxigenen 
A suspension of PtO; (44mg), in 12 ml of distilled 

water (twice distilled) was stirred under a hydrogen 
atmosphere at room temperature for 1 hr. The hydro 
gen was expelled using an aspirator and the ?ask repeat 
edly ?ushed with nitrogen. The ?ask was then discon 
nected from the hydrogenation apparatus and 10ml of 
distilled water was added to rinse down the catalyst 
adhering to the sides. After stirring the mixture for 15 
minutes in an oxygen atmosphere, a solution of digox 
igenin (400mg, mp. 205°-2l0°) in acetone (60ml) (dis 
tilled from potassium permanganate) and water (22ml, 
twice distilled) was added to the reaction ?ask. The 
reaction mixture was then stirred under an. oxygen at 
mosphere at 22° for 24 hours..The catalyst was then 
?ltered off the ?ltrate concentrated, and concentrated 
solution extracted with chloroform and dried over an 
hydrous sodium sulfate. Evaporation of solvent gave a 
crude product (475mg) which was recrystallized from 
acetone-ether to ‘ give 239mg, white solid (mp. 
247°—‘25l°, reported mp. 247°~2~52°).‘ ’ 

EXAMPLE 2. ‘ 

O-Carboxymethyl oxime of 3-ketodigoxigenin 
A clear solution of 3-ketodigoxigenin (228mg, 0.59 

mmoles), carboxymethoxylamine hydrochloride 
(140mg, 0.64 mmole) and sodium'acetate (294mg, 3.6 
mmole) in methanol (18ml, dried over molecular sieves 
3A) was re?uxed under nitrogen for 3 hours. The tlc of 
an aliquot showed the complete formation of oxime 
derivative (Rf0.33; 0.5:l:10/HOAc-MeOH-CHCl3, Sil 
ica gel plate). The resulting reaction product was 
stripped to dryness, the residue dissolved in 32 ml 5% 
NaHCO; at 5°—l0°, and extracted with 3 X 20ml chloro 
form. The bicarbonate layer was acidi?ed ‘at 5°—l0° 
with 28ml of v1N hydrochloric acid to pH 2-3 and ex 
tracted with l0><25ml ,ethyl acetate. The ethyl acetate 
extracts were washed with saturated sodium chloride 
and dried over anhydrqussodiurn sulfate. Evaporation 
of solvent gave a solid which‘was recrystallized from a 
mixture of methanol-ethyl acetate-hexane to yield a 
white solid (188mg, mp. 202°-220°(dec)). 
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having 9.4 digoxins, which was 26% deactivated and 
EXAMPLE 3- 48% inhibited. 

Conjugation of the O-carboxymethyl digoxigenin-3keto 
oxime to G-6-PDH EXAMPLE 4' 

To a dry ?ask, ?tted with serum stopper and drying 5 Preparation of Digoxm Dlaldehyde 
tube was introduced 23.05mg (0.05mmo1e) of the oxime Digoxin (1.5g, 1.92mmole) was dissolved in 15ml of 
and 250ul of DMF (dried over 4 A molecular sieves) dimethylformamide (DMF) in a 100ml round bottom 
and 7.lp.1 (0.052mmole) of dry triethylamine added ?ask with the aid of a magnetic stirrer. A solution of 
through the serum stopper with a syringe with stirring 835mg (3.9mmole) of sodium periodate in 17ml of H20 
at room temperature. After cooling the mixture to 10 was added dropwise over 15 minutes at 0°. The result 
- 14°, 9.3;).1 (0.05mmole) of carbitol chloroformate was ing colorless clear solution became cloudy slowly. The 
added below the surface of the solution and the mixture reaction was followed by tlc (silica gel, 10% 
stirred for 30 minutes. MeOH/ CHC13). After four hours the reaction was com 

In a separate flask, to 2ml of glucose-?-phosphate pleted. The reaction mixture was added to 20ml of ice 
dehydrogenase (G6PDH) at a concentration of about 15 water, and taken up in 200ml of ethyl acetate and 
1-2mg/ml in 0.055M tris buffer, pH 8.1 with stirring is washed with 3><50ml of H10 and sat. brine, dried 
added 20mg of glucose-6-phosphate disodium salt and (MgSO4) and concentrated to give 1.l5g of product. A 
40mg NADH. (During the reaction aliquots are taken second crop of 250mg was obtained by extraction of the 
and the enzyme activity is determined by diluting a 5p,l aqueous washings in the same manner. Both crops con 
aliquot of the enzyme solution to 5ml, and taking a 50p] 20 tained small amounts of DMF. Crude yield 1.40g, 94%. 
aliquot of the diluted enzyme solution and diluting with ' ' 

CH3 cu, 

(i- o _ o 

‘f 0 
nozccn2 0“ 0" 

Example 5. R - benzyl 
Example 6. R - H 

lml buffer and 50jt1 substrate, introducing the solution 40 
into a 1.5ml sample cup and employing a ?ow cell, EXAMPLE 5 R _ benzyl 
reading the enzyme activity over a 60 second interval in ' 
a Gilford spectrophotometer.) The mixture is cooled to EXAMPLE 6- R _ H 
0° and with stirring 1.08ml carbitol added slowly with a EXAMPLE 5_ 
syringe below the surface of the solution. After‘standing 45 
for 30 minutes, any precipitate is removed by centrifug- , , , . , ,. 
ing for 4 minutes with a Brinkman centrifuge and isolat- 2 methy1l,1,?xa.hyd.ro'1 .’4 'ox?zepmylJ ) 0! 
ing the supernatant. The supernatant is adjusted to a pH . . '(3 'dlgoxlgenmyl'3 'deoxyi 
of about 9.0 with 1N NaOH. The enzyme activity is o'?'D'dlgltoxpyranosyK1T4)'O'B'D'dlg1toxpyranose 
checked at this time. ‘ 50 benzyl ester 

To a stirring solution of the enzyme, lpl aliquots of To 312mg (0.4mmo1e) of digoxin 'dialdehyde (see 
the mixed anhydride prepared above are added to the prior example) dissolved in 10ml of dry MeOH at room 
enzyme at a rate of about lpl per minute. After the temperature under an argon atmosphere was added a 
addition of 1on1 of the mixed anhydride, the percent solution of glycine benzyl ester. Eighty-two mg 
inhibition and the percent deactivation are determined. 55 (lmmole) of sodium acetate was added and the mixture 
Percent inhibition is determined by employing approxi- was kept at pH 6.5 with MeOH-HCl solution and stirred 
mately 5p.l of full strength antidigoxin in the above for three hours. One hundred and thirty mg (2mmole) 
assay. About 35—45p.l of the mixed anhydride are added of NaB(CN)H-3 and another 123mg (1.5mmole) of so 
to obtain an inhibition of about 50% and a deactivation dium acetate was added. The mixture had a pH of ~7 
of about 36%. When the desired inhibition and deacti- 60 and was stirred overnight. 

Preparation of 04-(N-carboxymethy1 

vation are obtained, the enzyme conjugate is purified by To the reaction mixture was then added a few drops 
dialysis against 0.055M_tris-HC1 buffer, pH 8.1 contain- of HOAc and the mixture concentrated to dryness in 
ing 0.05% NaN; and 0.005% Thimerosal. vacuo to leave a solid residue. The residue was dis 
Following the above described procedure, in a ?rst solved in 15ml of cold H2O, extracted with 2X60ml of 

reaction, an enzyme conjugate was obtained having 5 65 CHCI3, washed with 2><20ml of H20, dried (MgSO4), 
digoxins conjugated to the enzyme, which was 36% and concentrated to give 304mg of crude product. Pre 
deactivated and was 64% inhibited, while in a second 'parative tlc on silica gel (MeOH:CHCl3 = 1:9) gave 
reaction sequence, an enzyme conjugate was obtained 143mg of white solid (16% yield). 

a 
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EXAMPLE 6. _ 

Preparation of 
04-(N-(carboxymethyl)hexahydro- l ,4-(2-methyl)oxaze 

pin-7-yl-)digoxigenin-didigitoxoside 
Fifty mg (0.055mmole) of the benzyl ester [see prior 

example] was dissolved in 25ml of absolute methanol. 
Then 25mg of Pd/C was added and the mixture was 
subjected to hydrogenation at atmospheric pressure and 
room temperature overnight. The resulting mixture was 
?ltered through Celite, then concentrated to a glass 
which gave a white solid when scratched and treated 
with ether. Yield 35mg (78%). 

EXAMPLE 7. 

Preparation of G-6-PDH Conjugate with the 
Digoxigenin-didigitoxoside Derivative of Example 6 
Following the procedure of Example 3, 53.1mg 

(0.05mmole) 0f the digoxigenin derivative of Example 6 
was placed in a ?ask ?tted with a serum stopper and 
drying tube and 25011.1 of dry DMF and 7.5;}.1 of dry 
triethylamine added through the serum stopper with a 
syringe while stirring at room temperature. After cool 
ing the ?ask to -— 14°, 9.3ul of carbitol chloroformate 
was added below the surface of the solution. The mix 
ture was allowed to stir at — 14° for 30 minutes. 
The enzyme G6PDH was prepared as described in 

Example 3. 
To the enzyme solution at 0° and at pH 9 was added 

lul aliquots of the mixed anhydride at a rate of 1 ul per 
minute. Activity and inhibition checks were made after 
each 10;).1 of mixed anhydride had been added. Percent 
inhibition is determined by adding 511.1 of full strength 
antidigoxin with the enzyme and substrate. Approxi 
mately 35-45pl of the mixed anhydride was added to 
yield an enzyme which after puri?cation by dialysis 
against 0.055M tris-HCl buffer pH 8.1 (with 0.05% 
sodium azide and 0.005% Thimerosal), was 32% deacti 
vated, had a maximum inhibition of 34% and a digoxin 
number of 13.4. 

In order to demonstrate the efficacy of the subject 
composition in determining the presence of digoxin, a 
number of determinations were carried out. The follow 
ing are the reagents employed and the protocol for the 
assay. Wherever W/V is employed, the intent is grams 
per 100ml. 
Reagent A incorporates antibody and substrate for 

the enzyme glucose-6-phosphate dehydrogenase. The 
antibody employed was obtained by injection of the 
antigen prepared as described in Smith et al, Biochemis 
try, 9, 331 (1970). Speci?cally, the antibody was derived 
from sheep and was diluted 1:1000 and 1811.1 of the anti 
body solution employed. The bleed was the third bleed. 
The amount of antibody employed was suf?cient to 
give 30% inhibition of the enzyme. The amount of 
enzyme employed provided a reading in the absence of 
antibody of 0.9 OD/ 30 minutes at 340nm at 30° C. 
In reagent A in addition to the antibody, NAD is at 

0.08M, G-6-P is at 0.13M, rabbit serum albumin is at 1% 
W/V and the system is buffered with tris-HCl, pH 7.9 
(30° C), 0.055M, sodium azide at 0.05 W/V and Thimer 
osal at 0.005 W/V. 
The second reagent, reagent B contains the enzyme at 

a concentration which upon ?nal dilution in the assay 
provides a reading of 0.9 OD/ 30 minutes. In addition to 
the enzyme conjugate, prepared it accordance with 
Example 3, is rabbit serum albumin (RSA) 1% W/V, 
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12 
sodium chloride 0.9% W/V and buffer as described for 
reagent A. 

In carrying out the assay, 200p,l of serum is employed 
which is ?rst treated with SOul of 0.5N sodium hydrox 
ide. The sodium hydroxide treatment aids in destroying 
background activity. The mixture is mixed by gentle 
tapping and allowed to incubate at 30" C for at least 15 
minutes and not more than about 1 hour. After suf?cient 
time, 5011.1 of reagent A is added with 700ul of buffer 
and the solution mixed and incubated for a period from 
5 minutes to not more than about 1 hour. At the end of 
this time, reagent B is added with 700ul of buffer and a 
stopwatch begun at the moment of addition of reagent 
B. The mixture is agitated and then introduced into a 
spectrophotometer and a reading taken at 1 minute from 
the time of the addition of reagent B. The mixture is 
then allowed to sit in a thermostatted bath at 30° C for 
an additional 30 minutes and a second reading taken. 
The readings are reported in OD/min. and by employ 
ing appropriate standards, one can determine the con 
centration of the digoxin in amounts of as low as 
0.5ng/ml. 
Using serum samples spiked with known amounts of 

digoxin, a A OD X 1000 of 65.5 is obtained between a 
sample having 0.5ng/ml and 2.0ng/ml. _ 

In replicates of a single serum pool, testing 30 speci 
mens, a standard deviation of 0.07ng/ml was obtained 
with a coef?cient of variation of 7.3% at 1.0ng/ml. 
Where 40 samples of different specimens were em 
ployed at a spiked value at 1.0ng/ ml, the standard devi 
ation was 0.1 lng/ ml and the coef?cient of variation was 
11%. 
In testing for cross-reactivity, various steroids were 

tested to determine the concentration required to give a 
response equivalent to the response obtained with 
0.5ng/rnl digoxin. The results are reported for the de 
terminations in serum. The following table indicates the 
results. 

TABLE 
Cross-Reactivity 

Substance ng/ ml 

Digoxin 0.5 
Di gitoxin 1.1 
Digoxigenin 0.9 
Digitoxigenin 2.0 
Ouabain ~40.0 
Prednisone 100.0 
Spironolactone > 50.0 
Cholesterol > 12.0‘ 
cortisone-2 1 -acetate > 20.0 
Progesterone > 30.0 

‘aqueous sample 

It is evident from the above table that with the excep 
tion of the cardiac glycosides and aglycones resembling 
digoxin and digoxigenin, the assay is highly speci?c and 
is readily able to distinguish the desired compounds 
from other steroids having similar structure. Thus, an 
accurate determination of the desired compounds can 
be obtained without concomitant interference from 
structurally similar steroid compounds. 
The digoxin derivative conjugates to enzymes ?nd 

effective use in the determination of digoxin and digox 
igenin. The conjugates are highly speci?c for the com 
pounds of interest and can determine the compounds of 
interest at low concentrations. In addition, the enzymes 
?nd use in a homgeneous enzyme immunoassay, which 
does not require a separation step. Thus, by mixing the 
various reagents and allowing suf?cient time for the 
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enzymatic reaction to occur, one can directly read the 
amount of digoxin or digoxigenin, by comparing the 
result to a curve prepared from standards having known 
amounts of digoxin or digoxigenin. I 
Although the foregoing invention has been described 

in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be obvious 
that certain changes and modi?cations may be practiced 
within the scope of the‘appended claims. ‘ 
What is claimed is: 
1. A conjugate of a cardiac glycoside or aglycone 

from digitalis to an enzyme wherein both of said cardiac 
glycoside or aglycone are derived from digitalis and are 
bonded at other than the active site of said enzyme, 
wherein said enzyme retains a substantial proportion of 15 
the activity of said enzyme prior to conjugation. 

2. A cardiac glycoside- or aglycone-bound-enzyme, 
wherein said cardiac glycoside or aglycone is derived 
from digitalis of the formula: 

0 — 1 site of ethyleni 
unsaturation 

n is on the average in the range of from 1 to 20; 
A‘ is an enzyme; q is 0 or 1; and 
W‘13 is a linking group which is singly or doubly 
bonded to the annular carbon atom to which W"3 is 40 
attached. 

3. A cardiac glycoside- or aglycone-bound-enzyme 
according to claim 2, wherein W“3 is bonded to said 
enzyme through amide links or, the nitrogen or sulfur 
analogs thereof. 

4. A cardiac glycoside- or aglycone-bound-enzyme 
according to claim 3, 
wherein W(,3 is of the formula 

wherein: 
T is a single or double bond to the annular carbon 
atom, being a single bond when bonded to oxygen 
and a single or double bond when bonded to carbon 
or nitrogen 

p is 0 or 1; 
U is amino, being alkylamino of from 1 to 3 carbon 
atoms when T is a single bond, oxy or aminooxy; 
M is chalcogen or imino; 
Z is aliphatic hydrocarbylene having up to 1 site of 
ethylenic unsaturation and of from 1 to 7 carbon 
atoms. 

5. A cardiac glycoside- or aglycone-bound-enzyme 
according to claim 3, wherein said enzyme is an oxide 
reductase. 

>14 
6. A cardiac glycoside- or aglycone-bound-enzyme 

according to claim 5, wherein said enzyme is a dehydro 
genase. 

7. A cardiac glycoside- or aglycone-bound-enzyme 
5 according to claim 6, wherein said enzyme is glucose‘6 

phosphate dehydrogenase. I 
8. A cardiac glycoside- or aglycone-bound-enzyme 

according to claim 3, wherein: ' 
W"3 is of the formula 

Y2 Y 

wherein: 

m is an integer in the range of 0 to 2; 
sugar intends sugars associated with cardiac glyco 

sides; 
Y is hydrogen or hydroxyl; and 
Y‘ and Y2 are single bonds to amino residue of said 
enzyme or are taken together to provide an imi 
noalkylene (non-oxocarbonyl) group of from 2 to 8 
carbon atoms. ' 

9. A cardiac glycoside- or aglycone-bound-enzyme 
according to claim 8, wherein said enzyme is an oxido 

45 reductase. 
10. A cardiac glycoside- or aglycone-bound-enzyme 

according to claim 9, wherein said enzyme is a dehydro 
genase. 

11. A cardiac glycoside- or aglycone-bound-enzyme 
50 according to claim 10, wherein said enzyme is glucose 

6-phosphate dehydrogenase. 
12. A compound of the formula: 

CO 

ll 
CCHZON ” 

wherein A‘ is glucose-6-phosphate dehydrogenase and 
n is on the average in the range of 2 to 10. 

13. A compound of the formula: 
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wherein A‘ is a glucose-6-phosphate dehydrogenase, m 
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is in the range of 0 to 2, n is on the average in the range 
of 2 to 10 and sugar intends digitoxose. 
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